Data on 570 mothers and their children whose development was personally assessed from birth to four years were analysed. Strong associations were found between the incidence of fetal distress during labour, birth asphyxia, and delivery by emergency caesarean section. At the age of four years girls and children in the non-manual social classes were more advanced, developmentally, than boys and children in the manual classes. No associations were found between perinatal factors and total developmental scores; but highly significant differences were found between 'at risk' pregnancy groups according to their method of developmental scores. In only one of seven handicapped children could the handicap possibly have been attributable to delivery factors. Case histories of two children i11ustrate the dangers and difficulties of associating cause and effect in individual patients.
Introduction
There has been much recent discussion about the possibility of applying blame for devious development during childhood on antecedent factors. This is particularly relevant when the delivery was not absolutely normal. Yet when, in an individual case, there seems to be a fairly obvious connection between cause and effect, consideration is rarely given to other factors associated with the abnormal delivery; and many patients can have equally difficult deliveries without comparable after effects.
Why does one child suffer and not the other? What other factors are commonly associated with abnormal deliveries? What factors affect the developmental achievements ofchildren? In order to put this subject in perspective we have analysed data on groups of children whose development was personally assessed from birth to the age of four years.
Patients and methods
In the course of prospective longitudinal studies of certain 'at risk' pregnancy groups, selected mothers were personally interviewed within three days of delivery and their babies examined by medical members of a small research team. The growth and development of the children after birth was assessed by the same doctors, who visited then at regular intervals (2, 6, 12, 18 months, 2, 3, and 4 years) in their own homes.
A total of 570 children were seen at birth and at the age of four years. There were five groups: 129 small-for-dates (SFD) and 127large-for-dates (LFD) babies whose birthweights had been more than two standard deviations (s.d.) below and above the mean, respectively, for their gestational age and sex (Butler & Alberman 1969); 153 average-for-dates (AFD) babies born to mothers in the beds adjacent to these index cases were also included. The other two groups of children were born to women participating in a trial of methyldopa for the treatment of hypertension during pregnancy (Ounsted et al. 1980) : they comprised 82 children in the 'treated' hypertensive (Ht) group and 79 children in the 'untreated' (Hu) group. All At the age of four years a detailed medical history was taken, a behavioural questionnaire was completed, sight and hearing tests were done and a developmental assessment carried out. This assessment, which had been standardized on our own population (Ounsted et al. 1979) , was composed of five sectors of development, each containing about 6 items. The standard score for each sector is 10 and they can be summated to make a total score of 50. Some children do not cooperate completely at this age. If a child 'refused' to try two or more items in any sector no score was given for that sector and a total score could not be computed. Thus the n values (which have been left out of the tables for the sake of clarity) varied slightly. No associations were found, however, between 'refusals' and any of the other variables examined here.
In the subsequent analyses the chi-square test and one-way analyses of variance were used where appropriate.
Results

Factors associated with delivery only
Some factors associated with method of delivery are shown in Table 2 . Clinical signs of fetal distress (bradycardia or tachycardia occurring between contractions or meconium staining of the liquor) were recorded in 80% of deliveries by caesarean section as an emergency during labour; and regular respirations were not established within five minutes in 30% of these babies. Very few infants had severe birth injuries but more than 20% of those delivered instrumentally had marked bruising, abrasions, deep indentations where the forceps had been applied or cephalhaematoma. Although a higher proportion of babies delivered by elective caesarean section had problems in the neonatal period, the differences according to method of delivery were not significant. Table 3 shows that in general girls are developmentally more mature than boys at the age of four years; and children in the non-manual social classes had significantly higher scores in every sector of development.
Factors associated with development only
Factors not associated with delivery or development
In general the children had enjoyed good health and no differences were found according to method of delivery in the incidence of acute or chronic disease, speech, sight, hearing and behaviour problems. Developmental scores, likewise, showed no relationships with any of these factors. Seven of these children were handicapped. No statistical associations were found between handicap, method of delivery and developmental scores. Short case histories are given later.
Factors associated with delivery and development . More than 75% of babies in the AFD and LFD groups were spontaneous vaginal deliveries or low forceps 'lifts-outs' compared with less than 60% in the two hypertensive groups (Table 4 ). Caesarean section rates differed widely from 6% and 7% in the AFD and LFD groups to 17% in the SFD group and more than 25% in the Ht group.
Developmental scores also differed (Table 5 ). Children in the two hypertensive and SFD groups had below average scores, whereas the total score for the LFD group was slightly 
Delivery and development
When the developmental scores were analysed according to method of delivery only minor differences were found (Table 6 ). There was a general tendency for children who had been delivered spontaneously to have the highest scores, but the difference was only significant in the gross-motor sector.
Handicap
Four of the children in this study suffered, respectively, from muscular dystrophy, infantile hypercalcaemia and pulmonary artery stenosis, Sotos gigantism with mild mental retardation, and severe debilitating asthma. These innate problems were unlikely to have been affected by their method of delivery. PR has a mild right hemiparesis and generally mild developmental delay, but the pregnancy had been normal, the delivery spontaneous, and there were no problems in the neonatal period. Following a normal pregnancy, CR was delivered by elective section at 38, weeks gestation because of a previous caesarean section for cephalopelvic disproportion. Left talipes equinovarus was present at birth and in spite of three operations he was stilI not normal at the age of four years. Intrauterine conditions are more likely to have contributed to this abnormality than the actual mode of delivery.
The mother of PK was hypertensive during pregnancy and intrauterine growth retardation was also noted. She was induced at term but delivery was by caesarean section because of fetal distress during labour. The baby, who weighed 2MO g, was intubated at birth and regular respirations were established at four minutes. There was moderate respiratory distress in the neonatal period due to the aspiration syndrome. Neurological examination before he went home revealed a floppy babe with increased tone in his lower limbs. Follow-up examinations showed continuing hypertonicity in his lower limbs. He walked late, and on tip-toe. His tendo-achilles were tight. Mild but definite cerebral diplegia was diagnosed at the age of three years.
PK is the only one of these seven children whose handicap might have been attributed to the events surrounding his birth. But in addition to his abnormal delivery there was intrauterine asphyxia and failure to breathe spontaneously at birth. The pregnancy had been complicated by hypertension and intrauterine growth retardation; and there was respiratory distress in the neonatal period. Which of these many abnormal factors was responsible for his subsequent handicap is a matter for speculation only.
Discussion
Three of the five groups under consideration were selected because of high-risk pregnancy factors. Thus it is not surprising that the proportions of spontaneous deliveries were below, and caesarean sections were above average for our hospital population. When the trial of methyldopa was in progress, a policy decision was made to induce labour in all those women who were not delivered by 38 completed weeks gestation. This may have contributed to the low spontaneous delivery rate in these two groups (Ounsted et 01. 1978 , Yudkin et 01. 1979 . Strong associations were found between emergency caesarean sections, fetal distress during labour and asphyxia at birth. These occurred more often in hypertensive and SFD pregnancies; and in these three groups, also, the developmental scores were below average. But no direct associations were found between any of these perinatal factors and total developmental scores. It seems, therefore, that the pregnancy problems had a more potent effect on developmental maturity at four years than the associated factors -although one cannot exclude a possible synergistic effect.
The child's social class and sex must also be taken into account when assessing his developmental ability at the age of four years. In our fivegroups the sex ratio did not differ; but there was an excess of children born to manual workers in the SFD group (associated with maternal smoking habits during pregnancy). This may have contributed to the low mean developmental scores in the SFD group.
In this context it is clearly not possible to associate cause and effect in general terms. And to do so in individual cases should also be undertaken with great caution. This point is illustrated by the biographies of two children who were born into our studies but for geographical and other reasons were not seen personally at four years and have therefore not been included in the present analyses.
Jo's mother's second pregnancy was normal until she was admitted at 38 weeks gestation with pre-eclampsia of acute onset. Induction was intended but she went spontaneously into labour and had a normal vaginal delivery. Jo's condition at birth was good and no resuscitation was needed. His weight was 4621 g. At the age of three hours Jo suddenly collapsed. He had an apnoeic attack, was intubated and ventilated. His blood sugar was less than 5 mg/IOO ml (0.25 mmol/l) and he was given dextrose, glucagon and hydrocortisone. The hypoglycaemia was difficult to control and hyponatraemia developed. He had two further apnoeic attacks in the neonatal period and was rather irritable. When examined before discharge from hospital no neurological abnormality was detected. At the age of six weeks he was admitted as an emergency to another hospital in cardiac failure. This was thought to be due to viral myocarditis. He was again profoundly hypoglycaemic and the suggested diagnosis was pseudofetopathica diabetica or Beckwith's syndrome. By the age of twelve months he was grossly mentally retarded.
Paul was his mother's first child. Her pregnancy was normal, but a large baby was predicted. At term the fetal head was well engaged in the pelvis and there was no obvious disproportion. Labour was induced by artificial rupture of the membranes at 41 weeks. The cervix was fully dilated 24 hours later. The head was delivered by easy manual rotation and moderate traction with Haig Ferguson forceps under caudal anaesthesia. Severe shoulder dystocia was then encountered. A number of different manoeuvres were tried, but all were unsuccessful. Delivery was finally expedited under deep halothane anaesthesia. This involved 'considerable manipulation which was quite forceful'. The time interval between delivery of the head and shoulders was 30 minutes. Paul weighed 4763 g. At birth there was complete apnoeia and cardiac arrest. He was intubated, ventilated, and given cardiac massage. Regular respirations were established after 30 minutes but he was very hypotonic with absent reflexes; and had a complete right and partial left Erb's palsy. During the first day he lay in a decerebrate position and was constantly twitching. He was given barbiturates and remained hypotonic and drowsy throughout the first week when the barbiturates were stopped. He continued to be drowsy and in the second week developed traumatic fat necrosis of the right chest wall, upper arm, neck and face. He cried for the first time when he was three weeks old. Thereafter he gradually became more lively and his tone improved. Neurological examination before he went home revealed brisk knee jerks and a convergent squint. At the age of ten weeks his Erb's palsy was disappearing and he had only a mild strabismus. He was not yet smiling. By six months he was more responsive, and thereafter he achieved his gross and fine c motor milestones at the appropriate times. At the age of eighteen months we found a bright normal little boy with very dextrous manipulative ability and advanced language and comprehension.
These two biographies are briefly compared in Table 7 . Boths sets of parents are university graduates. When she refused further follow-up at eighteen months Jo's mother wrote: 'I wonder how notes on Jo's development can be of any interest to you when he was not only large at birth but also brain-injured'. Paul's mother would have had good reason to blame any future problems on his extremely traumatic delivery. But she did not need to do so. He is now a highly successful schoolboy.
